Introduction
The determination of the fertilizer requirements of individual crops has furnished a fertile field of investigation, and although many contributions have been made, much still remains to be accomplished before rational methods of fertilizer applications may be relied upon to produce normal crops. In the past the physiological chemist has attacked this problem chiefly from two angles. He has investigated the content and availability of the nutrient elements in the soil, and he has determined the total content of nitrogen, phosphorus and potassium occurring within the plant.
Both of these methods have failed to furnish a satisfactory basis for determining the mineral nutrient needs of plants. We cannot satisfactorily determine the quantity and kind of amendments needed on any given plot of land by making a soil analysis; neither can we tell by an analysis of the plants grown on the soil the amount and kind of fertilizer that should be added. This is no doubt due to the very large number of factors involved in crop production, especially with reference to the relationship between the plant and the soil in which it grows.
In this paper, work carried on during 1925-1926 is summarized, and a different mode of attack is suggested, which may prove helpful. Quite aside from the practical applications of this work, it is believed that other workers may find the methods here developed useful in studies of mineral nutrient metabolism.
Analytical methods A. PREPARATION OF PLANT SOLUTION The procedure as given by Schreiner and Failyer (9) was adopted with certain modifications. The fresh plant tissue was shaken free from adhering soil particles, weighed and ground up thoroughly in a Nixtamel mill. The finely-ground mixture was strained through fine mesh silk and an adequate volume transferred to a small mixing bottle. With the crops investigated, a volume of 25 cc. was found to be sufficient for nitrate-nitrogen B. QUALITATIVE METHODS At first it was considered possible that chemical microscopical tests on sections of the fresh tissue might be sufficiently accurate to allow the estimation of low, medium and high contents of nitrates, phosphates and potassium. Various methods were tried as given by CHAMOT (3) with indifferent success. From the nature of the microscopical methods any determination can be considered at best but an approximation of the amount of the fertilizer element in question, and while in some cases it may be possible to estimate low and high contents, differences which may exist between these two extremes cannot be determined with any assurance of accuracy. From the data it may be noted that estimates of these extremes in the cases of nitrate and phosphate were found to be feasible. It was not, however, possible to do so with potassium. No estimations as to tissue content accompanying medium fertilizer treatment seemed possible except in the case of rye with medium nitrate fertilization. With spinach, however, such was not the case. Thus the use of such methods can only be considered as qualitative in character and not of sufficient accuracy to allow the establishing of nutrient levels accompanying the production of a normal crop.
The diphenylamine reaction for nitrates seemed to allow further elaboration and so using the decolorized plant solution, diluted portions were matched on a porcelain spotting plate against solutions of known concentration of potassium nitrate. One drop of solution was used with 8 drops of reagent (0.1 gram of diphenylamine dissolved in 10 cc. of 75 per cent. fuming sulphuric acid). The color was allowed to develop for 5 minutes before reading. Approximate estimations based on this color reaction gave correlations between color developed and fertilizer treatment as shown in table IV. The diphen-ylamine reaction has been shown by JAEGER (8) and others to be inaccurate as a measure of nitrates due to the dependence of the color production upon an oxidation reaction. Thus the presence of other oxidation reagents than nitrate introduces an appreciable error. Realizing this difficulty the diphenylamine reaction was discarded. ranging from 100 to 400 were found necessary in many cases to render the concentration of phosphate of sufficient dilution to allow a comparison in the calorimeter, the final concentrations of silicon in the solutions measured were always much below those liable to develop a color with the reagent. In order to further investigate the possibility of change of tint due to presence of silicon, the color was developed in solutions containing 0.25 part per million of phosphorus plus 21 parts per million of silicon, 0.25 part per million of phosphorus plus 32 parts per million of silicon, and 0.25 part per million of phosphorus, the latter having been used as a standard for comparison. The solution containing 21 parts per million of silicon gave the same depth of color as the standard while the solution with 32 parts per million of silicon was slightly deeper in color. FLORENTIN (5) has noted a similar differential sensitivity with phosphorus and silicon in determinations made on natural waters.
3. Potassium.-The method devised by HILL (7) and advocated by SCHREINER and FAILYER (9) based on the estimation of the yellow color produced by the reduction of potassium chloroplatinate with stannous chloride in the presence of free hydrochloric acid, was used (table VII) . Determinations were made using 5 cc.-portions of the plant solution before clarification.
This method was found to be easily adaptable for use with the KennicottSargent calorimeter and has both simplicity and accuracy in its favor. However, certain precautions were found necessary. The potassium content of the solution under investigation must govern the volume used, as too great a concentration of chloroplatinate will interfere with the final color produced on reduction. Extreme dilution of the chloroplatinate solution before reduction causes a turbidity to develop which interferes with the final color determination. 
PLANT PHYSIOLOGY
It should be noted that extreme accuracy is not claimed for these methods due to all the errors accompanying colorimetric methods of which the occurrence of "off-tints" is perhaps the most difficult to control. But with careful manipulation and the observance of certain precautions such as the development of the standard and sample colors at the same time, these inherent errors may be minimized. On the other hand, however, it is claimed that the use of these methods enables the worker to estimate small concentrations, establish small differences, and give him a means of securing ease and rapidity of manipulation so that many samples may be determined with a minimum of time and labor.
Analytical determinations Crop plants growing under similar conditions as to climate, soil PH, and period of growth were chosen for analysis. In so far as was possible crops were chosen in which the only variable factor during growth was the amount of one fertilizer ingredient. Each sample consisted of as many individuals as was consistent with the material obtainable, and ease of manipulation. During the months of November to February inclusive, plants were also grown in the greenhouse. Soil was transferred from three field plats to the greenhouse. The soil from one plat was known to be low in active P205;
that from the second low in nitrate-nitrogen; and the third low in KO. Determinations for active P205 and nitrate-nitrogen were made on the first two soils. The soil low in phosphate yielded 44 parts per million of active P205 after a 1-hour extraction with 2N acetic acid. The low nitrate soil was found to contain 11 parts per million of nitrate-nitrogen. To each of 
